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Transgenic orpanisms with lower growth tcmncratnrc 

The present invention in general relates to the growth tenq)erature of organisms, especially 
plants and microorganisms and the manipulation of the tolerable coMvation temperature. 
More specificaUy, the present mvention relates to the ejqiressian of heterologpus proteins in 
microorganisms, and especially to the heterologous expressioa of heat sensitive proteins in 
bactraia, either gram-negative or gram-positive. 

It is generally known that the mesophiUc host R coU is suitable for expression of a wide range 
of heterologous proteins, both intracellular and secreted. When ejqjression of proteins is 
induced on a large scale in E. coli, problems are often encountered due to the production of 
intracellularly agglomerated protein, which is enzymatically inactive. The reason for the 
inactivity of tiiese agglomerates, also called inclusion bodies, is the misfolding of the 
polypeptide chains which are intensely synthesized after induction or which cannot attain 
their natural active conformation when expressed in E. coli or oflier hosts. Various attempts 
for the m vitro folding of purified agglomerated protein have been pnjposed and are used on 
an industrial scale. However, the folding in vitro requires numerous processing steps to 
produce enzymatically active protdn, i.e. protein in its correct folding structure. 
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FeUer, G. et al., Appl. Env. Mcrobiol, p, 1 163-1 165 (1998) describe the expression of the 
psychrophflic a-Amylase from tihie Antarctic psychiophile Mteromonas haloplanktis in E. coli 
by lowering the cultivation tenqieiature of the tiansfonned expression tost to 1 8 °C. It was 
demonstrated that the expression of active enzyme could be increased over that of the wild 
type Alteiomonas haloplanktis and fiirthCTnore that the reconabinantly produced enzyme had 
Ihe same kmetic parameters as the wild type enzyme produced at 4 ^C. The aulhors therefore 
concluded that the psychrophilic enzyme is cotrecfly folded when expressed recombinantiy 
in£. co/iatlSX. 

A drawback of low cultivation tempetatares of mesophilic host organisms is liie dramatically 
reduced growth rate, and, consequentiy a reduced synthesis rate of the heterologous protem. 

In view of the known state of art tiie present invention aims at providing organisms, especially 
micro organisms which are capable of growth at lower temipemture, for instance at 
temperatures similar to the range of growth temperatures of psychrophiles. Furthermore, the 
present invention aims at providing an expression system for heterologous proteins in micro 
organisms which are capable of producing cotrecfly folded protein, i.e. protein with a 
structure which retains the enzymatic or interactive activily of the native wild type protein. 

In a first aspecl^ tiie present invention provides a method far manipulation of cells and the 
r^tant cells, characterized in that at least one gene from a psychrophilic micro organism 
coding for at least one ch^)erone or ch^eronin is expressed. Such cells are selected among 
cultivated eukaryotic cells, i.e. animal and plant cells and eontire plants, gramruegative and 
gram-positive bacteria, ftmg} and yeasts. 

In a second aspect, Ihe present invention provides a method for producmg heterologous 
proteins in micro organisms as well as the micro organisms themselves, ie. animal and plant 
cells, giaiBhnegatrve and gram-positive bacteria, fungi and yeasts, characterized in that at least 
one gene from a psychrophilic micro organism coding for at least one cb^erone or 
cliapeionin is expressed. The heterologous proteins to be expressed conqjrise gene-products 
from mesophilic as well as psychrophilic organisms. 

In a third-aspect, fliere is provided a metiiod fm in vitro fdcaing of ^gregated or misfolded 
protein, characterized in that at least one ch^erone or chaperonin from a psychrophilic 
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micro-organism is contacted with the aggregated or misfolded protein in presence of 
necessary nucleotides. 

In a foiuHi aspect, DNA and amino acid sequences are provided for native chaperonins CpnlO 
and Cpn60 of Oleispira antarctica along Avilh mutant chaperonins with altered characteristics 
as wen as methodology and guidelines for cloning, expressing and adapting chaperones for 
CThancing the expression of heterologous proteins, and especially dienno-sensitive 
heterologous proteins, in their native conformation in host organisms, for ad^ting host 
organisms to lower growth temperatures and for re-folding, at low thermal conditions, 
denatured protein in vitro. 

The invention is illustrated in relation to the chaperones from the psychrophilic bacterium 
Oleispira antarctica, which have been designated Cpn60 and CpnlO and which are co- 
operative in their wild type forms. 

The standard growth temperature of the widely used expression host bacterium E. coli is 37 
with an experimental lower limit of approximately IS'^C. The theoretical lower limit can 
be calculated to 7.5 °C by the square-root growth model of Ratkowsky et al., J. BacterioL, 
1222-1226 (1983). 

It has now been discovered that the e}q;>ression of chaperonin Cpn60 and its co-operating co- 
chsqperonin CpnlO in jB. coli decreases the actual growth temperature to 0 to 7 °C with a 
theoretical Tninimum of -13,7 °C. The growth rate of these coldness-adapted E. coli reach^ 
/h at 8 °C andO.22 /h at 4 ^C. 

When heterologous genes are expressed in coli which harbour both the chaperonin Cpn60 
and il5 co-chaperonin CpnlO, then the esqiression can take place at significantiy lower 
cultivation tempraatures, i.e, 0 to 7 °C and thermo-sensitive protein can be produced by E. 
coli in its native confbnnation, e.g. enzymatically active. 

It was shown that Cpn60 ad^ts its tertiary structure in a temperature-dependent manner. At 
the normal growtii temperature of O. antarctica of 4 to 10 **C, the predominant tertiary 
structure of Cpn60 is a heptameric single ring of identical subunits along with low^ 
molecular weight dissociation intermediates. In a tcniperature range of 12 to 24 ""C, Cpn60 is 
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predominantly present as a 14-mer, consisting of two stacked rings^ each conq)rised of seven 
identical subunits. However, the dissociation of the stacked heptameric rings at lower 
temperature is dependent on the presence of nucleotides of adenine^ dtidine, uridine or 
guanidine. It was shown that liie activity of Cpn60 to refold denatured proteins is dependent 
on nucleotides, e.g, adenonsine triphosphate (ATP). 

From flie following examples, anafytical data of the ch^eionms Cpn60 and CpnlO of 
Oleispira antarcOca will be sqpparent As a consequence, the sldlled persons will be enabled 
to identify and clone homologous gmes encoding chaperones fix>mL either Oleispira antarctica 
itself or i&om other psychrophilic microorganisms, e.g. other eiibacteria or archaeobacteria 
using the sequence informalion given for Ihe chaperrains of O. cmtarctica and the cloning 
strategy below or olher known procedures. As source organisms for ch^erones with similar 
functional properties as and/or homology to those spedfically disclosed herein, the following 
can be used: Moraxella, Alteromonas halopkmktis. 

Homologous chaperones, derivatives or mutant forms of Ihe chs^^eronins Cpn60 and CpnlO of 
Oleispira antarctica which retain the functional prcjperties in respect of the lowering of the 
growth temperature of a transformed mesophilic host organism and/or in respect of tiie 
ch^erone activity to refold denatured proteins extracellularly, for example in vitro, are also 
accessible on the basis of the examples given below. 

When screening other psjrchrophilic organisms for chaperonins homologous to those of O. 
antarctica, sequence alignment studies and comparisons can be employed, for example 
e3q)loiting homologies of Cpn60 of O. antarctica to GroEL of R coli and Cpn60 of 
Paracoccus denitrificans in order to identify residues with an influence on substrate 
specificity and/or conformation of tiie chq)eronin. Variants can be constructed in accordance 
with Ihe methodology presented below for producing mutant chaperonins of O. antarctica. 

Derivatives or mutant forms of O. antarctica can readily be obtained by genetically 
e uglnee ri ng Ihe DNA sequence of the genes encoding Cpn60 and/or CpnlO. Such mutants 
m^ have altered substrate binding spedfidties, altered nucleotide binding properties or an 
altered secondary or tertiary structure or altered interaction parameters of a chaperonin with 
its co-chaperonm, e.g. of mutant Qpn60 wifli mutant CpnlO. It can l>e ejcpected tiiat mutations 
introduced at sites responsible for substrate binding change Ihe substrate specificity. 
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mutations at sites responsible for flie association of subunits to the single ring conformation 
change the single ring structure, aad mutations at sites responsible for the interaction of ring 
stractuies with one another to stacked rings change the conformation and consequently the 
stability and the temperature-dependent association of rings and ultimately their activity 
and/or substrate specificity. 

Short description of the figures: 

Figure 1 shows the amino acid sequences of native CpnlO (SEQ ID No 1) and Cpn60 (SEQ 
ID No 2) of O. antarcOca. 

Figure 2 shows the DNA sequences of native CpnlO and CpnSO (SEQ ID No 3) of O. 
antarctica. 

Figure 3 shows the amino add sequence of esterase (SEQ ID No 4) of O. mtarctica. 

Figure 4 shows the DNA sequence of esterase (SEQ ID No 5) of O. antarcticcu 

Figure 5 shows the amino acid sequences of native CpnlO (SEQ ID No 6) and Cpn60 (SEQ 
ID No 7) of O. antarcttca and esterase (SEQ ID No 8) of O. antarcticcu 

Figure 6 shows the DNA sequence of the expression cassette of native CpnlO and Cpn60 and 
of O. antarctica with the esterase (SEQ ID No 9) of O. antarcttca. 

Figure 7 shows the amino acid sequences expressed from the expression vector coding for the 
co-e^ression of native CpnlO (SEQ ID No 10) and the stabilized single ring mutant 
Glu461Ala/Ser463AlaA^aI464AlaofCpn60(SEQIDNoll) ofO. antorcft'ca with the 

esterase (SEQ ID No 12) of O. antarctica. 

Figure 8 shows the DNA sequence of the expression vector SEQ ED No 13) codiug for the co- 
expression of native QpnlO (SEQ ID No 10) and the stabilized single ring mutant Cpn60 
(SEQ ID No 11) of a antarctica wifli the esterase (SEQ ID No 12) of O. antarctica. 
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Figure 9 shows the amino add sequences of native CpnlO (SEQ ID No 14) and of the 
stabilized single ring mutant Glu461Ala/Ser463AlaA^al464Ala of Cpn60 (SEQ ID No 15) of 
O. antarctica. 

Figuie 10 shows the DNA sequence of the stabilized single ring mutant 
Glu461Ala/Ser463AlaA^al464Ala of Cpn60 (SEQ ID No 16) of O. antarctica. 

The examples below describe the methodology of cloning the chaperonin genes Cpn60 and 
CpnlO ftom O. mtarctica as well as generating mutant and variant chaperones. Therefore, the 
skilled person will be instructed on howto influence stability and activity parameters of 
chaperones having similar fimctional parameters as those described specifically. 

Fxam ple 1 : Cullivatian of Oleispira antarcUca and isolation of Cpii60 and CpnlO : 

O. antarcitca BB-8 were cultivated at 4 °C in 400 mL ONR7a medmm (Dyksteihouse et al., I. 
J, Sys. Bacteriol. 1 16-123 (1995)) supplemented with 0.2 vol % Tween 80 (Sigma Chemicals) 
to an optical density of 0,7 to 0.8 at 600 nm, harvested by centrifugation (4500 x g, 30 min, 4 
''C) and frozen at -20 °C. Thawed cells were suspended in two-fold volume of buffer 
containing 50 mM Tris-HCl, pH 7.0, 10 mM MgCla, 10 mM KCl, 2 mM EDTA, 1 mM DTT, 
1 tablet protease inhibitor cocktail (Roche) and Dnase I grade n, then homogenized m a 
French press at 68.95 bar (1000 psi), centrifaged (35,000 x g, 35 min, 4 °C) and tiie 
siqiematant concentrated by ultrafiltration by centrifugation against a membrane with a cut- 
off at 10 IcDa (Centricon, Amicon Inc.) to 2 mL. 

The purification was by elution from a Mono-Q HR 10/1 0 ion exchange column, equilibrated 
with 50 mM Tris-HCl, pH 7.0, 10 mM MgOa, 10 mM KQ, wifli a 0 - 1 M NaCl gradient in 
the same buffer for 200 mm at 2.0 mL/min. Fractions containing Cpn60 and CpnlO were 
identified by SDS-PAGE witii subsequent blotting and immunodetection witii a polyclonal 
antibody directed against tiie N-temmd of both CpnlO and Cpn60 as well as by an activity 
t est of the lefuldlug activity using chemically denatured rhodanese as the substrate. Active 
fractions were eluted at 0.30 - 0.45 M NaCl, pooled, dialyzed against 50 mM Tris-HCl, pH 
7.0, lOmMMgOb, lOmMKCl, 150 mMNaQ and concentrated by centrifugation against a 
membrane-wifh a cut-off at 10 kDa (Centriccm, Amiam Inc.). The ccmc^traled jKioled 
fractions were purified by gel-filtiation on a Superdex 200 16/60 column, equilibrated m 50 
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mM Tris-HQ, pH 7.0, 10 mM MgCb, 10 mM KCl, 150 mM NaQ at 4 °C at a flow rate of 1 
toUvoixL Fiactions were pooled, dialyzed against 50 mM Tris-HCl, pH 7.0, 10 mM Mga2, 10 
mM KCl, concentrated by ultrafiltration by centrifiigation (10 kD cut-off membrane), then 
further purified by ion-exchange chromatography on a Mono-Q HR 5/5 column at 0.5 
mL/min of a linear gradient (20 mL) of 0 - 1 M NaQ and fiactions pooled- 

P.yam ple 7 ' mntiinpr anH nharan terization of ^haperfmin Cpn60 and CpnlQ of Oleispira 

antarctica . 

Starting from Oleispira antarcUca KB-8, available as DSMZ accession No 14852, a 
comprehensive genomic library comprishig 5 x 10* phage particles /jxL, total of 8 mL with an 
average insert size of 7.5 kb was created using the ZAP Express Kit of Stralagene according 
to the manufacturers instructions. Briefly7.5 ld> fragments of genomic DMA ftom O. 
antarctica were cloned into a plasmid using the well known procedure of t3ie ZAP Express kit 
(Stratagene). 

Degenerate forward primer 5'-GCI GCI GGI ATG AAY CCI ATG G (Seqi ID No 17) and 
reverse primer 5 '-CCI CCI CCI GCI ACI ACL CCY TC (Seq ID No 1 8) were designed on the 
basis, of the sequences analyzed ftom purified chaperonin fragments SVAAGMNPMDLQR 
(Seq ID No 19) and VEEGWAGGGVAAL-LR (Seq ID No 20), respectively. These primers 
were used for PGR amplification of the gmomic DNA of strain RB-8 (Smits et al.. Environ, 
Mirctobiol 307-317 (1999)). The amplified fiagment of 2?>praximately 930 bp was cloned 
into plasmid pCR2.1 (Invitrogen). Briefly, the flagment was purified ftom an agarose gel and 
ligated into the pCR2. 1 plasmid Subsequent sequencing of the cloned PCR product revealed 
a high similarity of its deducible amino acid sequence to the Cpn60/Hsp60 family. 

The cloned PGR fiagment was then excised fccm vector pCR2.1, labelled with digoxygenin 
(DIG DNA Labelling Kit, Roche Diagnostics) and used as a hybridisation probe to screen the 
lambda phage gnomic library of RB-8. From phage plaques that hybridized and idratified 
using the immuno-detection of digoxygenin (Roche Diagnostics), the cloned DNA fi:agments 
were rescued with the infection of helper phage fl to give plasmids pBK-CMV. The inserted 
DNA fragments of pBK-CMV was sequenced. The ammo add sequence of Qpn60 and CpnlO 
translated ftom the DNA sequence (shown in Figure 2) are given below in Figure 1. 
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Kyflinnle ?• Sitniiltflti eous expression of Cpn60 and CpnlO of Oleispira antarctica in E. colL 

The expression of Cim60 and CpnlO was induced from flie vector pPSr26, originating from 
the lambda clone No 26 that hybridized wifli flie DNA probe for cpn60, designated pBK26, 
which was deleted iq[)stream by a restriction with Pstl. The expression vector carries both 
genes in tiie orientation tiiat enables their expression from the Piac-piomoter. For 
overe3q)ression, E. colt cells XL-1 Blue MRF' were transformed with pPST26, grown in LB 
medium to an optical density at 600 nm of 0.6 to 0.8 and induced by the addition of IPTG 
(isopropyl-p-D-thiogalactopyranoside) to a final concentration of 2 mM. Cells were harvested 
by centrifligation 2 to 3 hours after induction, resuspended in 2 ir^ 1 mM 

dithioflireitol (DTT), 1 tablet protease inhibitor cocktail (Roche) and Dnase I grade II, 
incubated on ice for 30-45 min and sonicated for 4 min total time. The cell lysate was 
centrifuged at 10,000 x g, 30 min, 4 °C and flie soluble supernatant was dialyzed overnight 
against 50 mM Tris-HCl, pH 7.0, 10 mM Mga2, 10 mM KCl, then concentrated by 
ultrafiltration by centrifugation against a membrane with a cut-off at 10 iDa (Centricon, 
Amicon Inc.) to 2 mL. 

Kvam ple 4: Mutants of Cpn60 wilh mcreased stabilitv of the tetradecameric structure 

Mutants of Cpn60 were constructed which show an increased stability of the two stacked 
heptameric ring conformations, forming the tetradecamer of Cpn60. Mutations were 
introduced by site-directed mutagenesis using primers in PGR amplifications which carry the 
desired nucleotide exchanges to yield a different codoii, as it is gme^ skilled 
person. For iiitcoducing the inutations into the wild type gene firomO. antarctica^ 

the following oligonucleotides were used in PGR: 

Lys468Thr: 5 '-GGT GGT C AG TGG TTQ TTG TTG ATA CAG TGA AAT CTG GCA 
CAG-3 ' (Seq ID No 2 1 ) and 5 '-(XT GTG CCA GAT TTC ACT GTA TO A AC A ACC ACT 
GAC C-3' (Seq ID No 22) 

Ser471Gly: 5'-GGT GAT AAA GTG AAA GGT GGC ACA GGT AGC-3 ' (Seq ID No 23) 
5 ' -GCT ACC TGT GCC ACC TTT CAC TTT ATC AAC-3 ' (Seq ID No 24) 
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Lys471Tlin 5'-GGT CAG TGG TTG TTG ATA CAG TGA AAG GTG GCA CAG GTA 
GCr TTG G-3' (Seq ID No 25) and 5'-CCA AAG CTA CCI GTG CCA CCT TTG ACT 
GTA TCA ACA ACC ACT GAC C-3' (Seq ID No 26) 

GLU461ALA/SER463ALAA^AL464ALA: 5'-CCT AAC GCA GGT GCT GCA GGG GCA 
GCG GTT GTT GAT AAA GTO-3 ' (Seq ID No 27)aad 5 -CTC TIT ATC AAC AAC CGC 
TGC CCC TGC AGC ACC TGC GTT ACC-3' (Seq ID No 28). 

Firstly, Lysin 468 was exchanged lor a Thieonin, and secondly, Serin 471 was exdianged for 
a Glycine and thirfly, a double mutant Lys468Thi/Ser471Gly was produced. These plasmids 
were expressed in E. coU strain XLOLR as described in Example 3 with Ihe appropriate 
antibiotic kanamycin added. All three mutants demonslrated a more stable association, of the 
heptameric rings to flie tetradecameric stacked ring stnicture during native gel electrophoresis 
(7.5 % PAGE, poly aciyl amide gel electrophoresis according to Laemmli). 



P-Trample 5: Miifeait of C!pn60 with decreased stability of th e tetradecameric strocture 

As a fourth variant, a mutant with three amino acid substitutions was produced as abo-ve, 
introdudng the mutations Glu461 Ala, Ser463Ala and Val464Ala. This mutant was shown in 
native PAGE to have a single ring hi^lameric conformation with an apparent mass of 
q)pioximately 400 kDa, which corresponds to the wild-type single heptameric ring 
confinmation. 



The above described mutants wrae purified as described in Example 1. The analysis of the 
mutant proteins by drcular dichroism demoDstrated tbat the triple mutant 
Ghi461Ala/Ser463AlaA^al464Ala as well as flie double mutant Lys468Thi/Ser471Gly were 



wild-type Cpn60. 

Using die measurement of peptide effipticity at 220 nm to momtor the loss of secondaiy 
structure due to increasing temperature, it could be demonstrated tiiat the stabilized double 
ring mutant Lys468Thi/Ser471Gly has an increased temperature stability at 45 - 55 and a 
at a rate for ATP hydrolysis 1 .3 to 1 .6 tnnes higher tiban die wild type and the stabilized sin^e 
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ring mutant Glu461 Ala/Ser463AlaA^al464Ala, the latter having tenrperatine stability up to 24 

Similar results for an increased temperature stability at in<a»ased hydrolysis rates for ATP are 
obtained for mutants of Cpn60 of a antarctica Leu468Thr and Ser471Gly, which each show 
an increased stability of the double ring structure coii5)ared to the wild type, at least in 
presence of ATP. 

Wilh a view to adapting chapeiones to the cultivation temper be 
concluded that smgle ring variants of ch^peronins, especially of Q)n60 of O. imtarcHca KB-8, 
are essential for producing protein in its correct conformation at low temperatures, e,g. at 0 - 
8 ''C, whereas variants of chaperonins, especially of Cpn60 of O. antarctica RB-8, are 
essential for producing protem in its correct conformation at higher temperatuies, e.g. at 
above 10 - 12 

RTOtn ple 6! caiaperone activitv of C pn60 and its mutants in vitro 

The wild type Cpn60 ftom a antarctica^ without its co-chaperonin CpnlO has refolding 
activity under both physiological and temperature stress conditions of 0 - 30 ""C, which is m 
correlation with the range of the growth temperaturaof the source organism. 

When used in in vitro foldii^ procedures, isolated wild type Cpn60 refolds denatmred protein 
as a single ring at 4 to 8 whereas at >1 2 '^C, the predominant conformation of the active 
ibrm is the double ring complex. 

When using chemically denatured mtMDH (mitochondrial malate dehydrogenase) (Nielsen et 
aL, MoL Cell 93-99 (1995)) as the substrate for in vitro refolding procedures, it was found 
that spcHrtaneous refolding occurred at about 1 6 - 24 % at a temperature rangp of 4 to 30 in 
50 mM TiiS"HCl, pH 7.0, 50 mM MgCl2, 50 mM KCL 

When testing the refolding activity of the wild type Cpn60, the stabilized single ring mutant 
Glu461 Ala/Ser463AlaA^al464Ala, and the stabilized double ring mutant 
Lys4^Thr/^Ser471Gly under the same conditions with added CjmlO and ATP (1 mM), it was 
found fliat the stabilized single ring mutant catalysed refolding at 4 to 8 **C at 70 - 80%, but 
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was inactive for refolding at above 1 0 °C. The behaviour of the stabilized single ring mutant: 
led to the conclusion that at tihe low temperature, the co-chsperonin Cpal 0 could bind even t;o 
the heptameric conformation, whereas at elevated temperature pr^umably CpnlO could not 
be released from this heptameric single ring. 



In contrast to the stabilized single ring mutant, the stabilized double ring mutant 
Lys468Thr/Ser471Gly yields a low refolding eflfect (20%) at low temperature of 4 ^C, 
approximately four times lower than the stabilized single ring mutant (80%)- 

Wild type Cpn60 was active from 4 to 20 °C, showing a higjher refolding activity at lower 



temperatures. 



Although Ihe wild type Cpn60 as well as ihe stabilized single ring mutant could not catalyse 
refolding at temperatures of above 25-30 °C, the stabilized double ring mutant was active, 
i.e. at 28 ""C tiie refolding yield was more than ten times that of the wild type Cpn60 and that: 
of the stabilized single ring mutant, with activity up to 36 

From these results it can be inferred that the temperature range, in which a chaperonin is 
active for refolding denatured protein can be influenced by its conformation as a stabilized 
single or stabilized dcftible ring variant Furfliennore, at least die amino acids in homologous 
positions as Lys468 and Ser 471, respectively, in Cpn60 of O, antarctica are responsible for 
this temperature range of chaperone activity. 

Furthennore it is demonstrated that even as a single ring structure, Cpn60 catalyzes die 
refolding of denatured protein when in combination vwth its co-chaperonin. Further 
experiments using a competition assay of radio-labelled CpnlO and non-labelled CpnlO at 4 
^'C and 20 ^'C demonstrated that the co-chaperonin is released from the stabilized single ring 
mutant of Cpn60 only at the lower temperature and in presence of denatured protein substrate 
(denatured mtMDH). At the hi^er temperature, the bound co-chaperonin was not released 
from this mutant Cpn60 when denatured protein substrate was added. When testing tiie 
stabilized double ring mutant of Cpn60 under the same conditions, the release of the co- 
peronin was independent from the teniperature and lower by a fector of 4 - 5 compared to 



the stabilized single ring mutant 
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u^gniple 7: faflnence of variant chaperones on ihe growth of transfonned host organ^M 



The effect of the presence of a gaie product coding for the wild type ch^erone flom a 
psychrophilic organism as well as of variant cbaperonss thereof have been assessed fin: the 
growth ofE. coli at varying tenq)eratiires. E. cott have heen transfonned wifli a plasmid 
beating, under ftie control of an IPTG inducible lac promoter Ihe gene for wUd type 
chEqperonin Qmi60 and its co-ch^eronin Q^nlO of O. antarctica, the stabilized single ring 
mutant Glu461 Ala/Ser463AlaA^al464Ala, and the stabilized double ring mutant 
Lys468Thi/Ser471Cay, respectively. As shown in Figure 9, E. coh without heterologous 
chaperone grew at 15 "C only to some extent (ODeoo aftra: 48 h incubation 0.74 +/- 0.24), at 4 
°C, no growA was observed. Only E. cott eiqnessing the wild type ch^?eronin Cpn60 and 
CpnlO or the stabilized smgle ring mutant Glu461Ala/Ser463A]aA^al464Ala grew at 4 °C up 
to an ODeoo = 1-5 +/- 0.14 after 48 h,. However, at 15 °C, the stabilized single ring mutant 
Glu461Ala/Ser463AlaA^al464Ala (ODeoo = 0.75 +/-0.10) did not enhance viability, but wild 
type Cpn60 and QmlO {OD&jo = 1.45 +/-0.12) and the stabilized double ring mutant 
Lys468Hii/Ser471Gly (ODeoo = 1 .63 +/-0.24) allowed far an enhanced growth. 

From tiiese findings it is clear that when screening for or constmclang variant ch^jeronms it 
has to be considered that at lower tenqieratures for growth of host cells and for refolding of 
denatured protein to then native conformation the effectiveness, i.e. activity of the ch^ieronin 
is dependent on its tertiary conformation. As has been detailed for ch^jeronm qpn60 and 
CpnlO of O. tmtarctica, the active conformation of Qpn60 at low temperatures, Le. below 12 
°C is the single heptameric ring structure, whereas at higher temperatures, i.e. above 12 "C, 
the active conformation of Qpn60 is the dovible ring structure. 

Since this tenq>eiature dependence of the cbaperomn activity has been elucidated for Cpn60 
of a antarctica, the skilled persons will be able to ^ly tiiese findings to homologous 
ch^eiones fiom psychrophiles and to mutant and variant forms thereof using standard 
mefliodology. In detail, the influence of the amino acids Lys468 and Ser471 on the 
stamUsation of the association of the hqptameric rings of Cpn60 has been demonsHated. 
Accordingly, the influence on stabifity of the tertiary conformation of their functionally 
equivalent residues in homologous chqwronins is evident and can be used to manq)ulate the 
tcrtiary^stractur« aid, as a ccmsequaice the tenqjerature dependence of homologpus and 
variant db^eron^. 
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As one mutant form of a homologous chapenmiii, the GioEL firom E. coli was mutated 
doubly by Thr468Lys and Giy471 Ser to arrive at a chq)CTonin wilh altered activity at 
temperatures below that of unmodified GroEL. The sequence of GroEL of E, coli is available 
as accession No P06139 at the Swissprot databank. 

P:yain ple R; Chaperone aclivitv of Co n60 and its mutants in vivo 

The influence of chaperones from psychiophilic orgaiiisms on the expression of protein in its 
native, i.e. non-denatured conformation is demonstrated on the example of flie temperature 
sensitive esterase fit)m O. antarctica in E. coli with and without presence of the heterologous 
chaperonin Cpn60 from O. mtarcUca. 

The esterase gene from O. antarctica KB-8 (DSMZ No. 14«52T) was cloned from the 
genomic lambda library described in cxsxssple 2. Detection of clones expressing active 
esterase was after infection oiE. coli XLl-Blue MRF' and incubation by overlay with an 
aqueous solution containing per mL 60 jiL naphthyl acetate (20 mg/mL acetone), 0.25 mM 
IPTG and 16 pL of Fast Blue RR (80mg/mL dimethyl sulfoxide). Positive clones exhibited a 
brown halo after about 2 h incubation and were isolated after consequent phage particle 
dilution, infection ofE. coli and halo detection. The inserted DNA sequence from positive 
clones was rescued by helper phage infection and sequenced. The amino acid sequence and 
the DNA sequence of the esterase from O. antarctica are given in Figures 3 and 4, 
respectively. 

For expression esqperiments of the thermo sensitive esterase as cloned above, the esterase gene 
(est) was cloned into an E. coli e3q?ression vector under the control of a lac-promoter, 
alternatively in combination with an expression cassette under a lac-promoter of the wild type 
chaperonin Cpn60 and its co-chaperonin CpnlO (cpnl0::cpn60::est, see Figures 5 and 6 for 
amino acid and DNA sequences, respectively) and in combination with the stabilized sinjgle 
ring mutant Glu461 Ala/Ser463AlaA^al464Ala and CpnlO (cpnlO::stabilized single ring 
mutant Glu461 Ala/Ser463AlaA^al464AIa::est, see Figures 7 and 8 for amino acid and DNA 
sequences, respectively), under control from a lac-promoter as well. Standard PC3l-cloning 
procedures with primers designed according to the established gene sequences were used. 
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K cott cells TOPIO Oiivitrogen) were Hansfomied wilii fte above plasmids by electroporalion 
and incubated in LB broth containing the ^opiiate antilnotic kananqrcin at 4, 8, 10, 1 5, 20, 
30, and 37 °C each. Induction was done with 1 mM IPTG. Once the cultures reached maximal 
esterase activities, the cells were harvested by centrifiigation, resuspended in 50 noM Tris- 
HCa, pH 7.0, 50 mM MgCla, 50 mM KQ containing one protease inhibitor tablet ^(oche 
Diagnostics) andDnase I grade II, incubated on ice for 30 - 45 min and sonicated fac a total 
of 4 min. After cenlrifugation at 10,000 x g for 30 min at 30 , the siqjematant was dialysed 
overm^t against 50 mM Tris-HCl, pH 7.0, 50 mM MgQj, 50 mM KCl and concentrated by 
ulUafiltration wifli a 10 kDa cut-off membrane (Centiicon, Millipore). 

Purification was by ion-exchange dmmiatography on Mono-Q HR 10/10, equilibrated wifli 
50 mM Tris-Ha, pH 7.0, 50 mM MgCb, 50 mM KCl, elution with a 0 - 1 M NaCl gradient 
in die same buffer for 200 mm at 0.5 niL/min. Esterase containing fiactions were eluted at 
about 0.3 M NaCl and pooled. After chang^g the buffer by dialysis and ultrafiltration, die 
pool was loaded onto a Resource 15FHE hyd«q)hobic chromatography column, previously 
equilibrated with 50 mM Tris-HCl, pH 7,0, 1 M (NH4)2S04, washed with a decreasing 1 .0 - fl 
linear (NH4)2S04 gradient in 10 mM Ttts-Ha, pH 7.0. The fiactions active for esterase were 
pooled, dialysed against 10 mM Tris-HCl, pH7.0, 1 50 mM NaQ and concentrated as before. 
Finally, gel filtration was performed on a Siqierose 12 HR 10/30 in 10 mM Tris-HCl, pH 7.0, 
150 mM Naa at 4 °C and 0.4 mL/nun. N-terminal sequendn&^was onployed to corroborate 
the identity of the enzyme. 

The results ace given in table 1 below. 
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Table 1: 



Growth 
temperature 


Without additional 
chq>eroiun 1 


q>nl0::cpn60::est 


cpnlO::stabilized single 
ring mutant 

Glu46Ala/Ser463AlaA^al 
464Ala::est 




Protein 
expression^ 


Esterase 1 
activity^ 


Protein 
expression^ 


Esterase 
activity^ 


Protein 
expression^ 


Esterase 
activity^ 


37 


2-5 


12 


2-5 


12 1 


2-5 


12 


1 f3f\ 

30 


2-5 


127 


2-5 


127 


2-5 


127 


20 


<2 


504 


2T5 


768 


<2 


528 


IS 


<1 


1560* 


2-5 


2040'* 


<1 


1400^ 


10 


1 n.d. 


n.d. 


2-5 


2304=" 


2-5 


2304" 


8 


1 n.d. 


n.d. 


2-5 


2400=* 


2-5 


2400" 


4 


1 nid 


n.d. 


] 2^^5 


2400^ 


1 2^5 


2400" ' 



^ Expression as % by weight of total cell protein 

^ Whole cell activily in pmol tdbulyrin per min per g cell lyophilisate, measured in Tris-HCl 
buffer, pH 8.5 at 20 

^ Growth rate of 0.15 /h, late-exponential phase reached in 60 h 
^ Growth late of 0.46 /h, late-exponential phase reached in 24 h 
^ Growth late of 0.22 - 0.28 /h, late-exponential phase reached in 30 h 
^ Growth rate of 0.5 /h, late-exponential phase reached in 20 h 
n,d. No growth observed or growth rate below 0.01 /h 



When analysing the heterologously expressed cloned esterase from O. antarctica in E. coli 
under identical conditions except for the presence of IPTG inducible ch^eronin genes it was 
found that without additional chq)eronins in E. cott, at 37 °C the hydrolytic activity was very 
low, i.e. 190 pmol/min/g. When reducing the cultivation temperature, higher specific activity 
of the esterase was observed. However, the higher specific activity correlated with a 
dramatically reduced expression level at lower temperatuies. 
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In E. coli also expressing fhe <di£^>en)nin fiom O. antarcUca in its wild type and stabilized 
single ling mutant fonns, respectively, esterase was ex|iiessed at much higher level, with fhe 
wild type chaperonin reaching the late-exponential growth phase after 30 h and the stabilized 
single rmg mutant chaperoning after only 20 h. 

When comparing the different chaperonins expressed, it becomes clear that their structure 
greatly influences their activity at di:^ent temperatures. In detail, the stabilized single ring 
mutant Glu461Ala/Ser463AlaA^al464Ala was only eflBcient for production of active esterase 
at below 10 X. 

At temperatures above 20 ""C, the esterase activity was significantly lower for all 
transformants and it is assumed that this is due to the instability of the esterase at fliese 
temperatures. However, when analysing the fluorescence intensity of esterase obtained from 
cultures at 4 and 37 °C for both chaperonin traosformants, ie. wild type cpnl0::cpn60::est 
and q>nlO::stabilized single ring mutant Glu461Ala/Ser463AlaA^al464Ala::est, the 
fluorescence intensity of esterase for each transfimnant measured for the 4 °C culture were 
five times hi^er than those ftir the 37 ^'C culture. Therefcxre, misfolding of the fliermo- 
sensitive esterase due to its expression at 37 °C can practically ruled out but higher 
fluorescence values for the esterase expressed at 4 °C indicate a better folding state, 
correlating with a higher specific esterase activity. 
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